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Monolithic Ceramic Electronic Component and Production Process Therefor, and 

Ceramic Paste and Production Process Therefor 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a monolithic ceramic electronic component 
and a production process therefor, and to a ceramic paste and a production process 
therefor More particularly, the present invention relates to a monolithic ceramic 
eiectfonic component comprising internal circuit element films formed between 
ceramic sheets, and ceramic layers which compensate for spaces defined by step-like 
sections which are formed by the internal cticuit element films, each ceramic layer 
being formed so as to have a pattern negative to that of the corresponding fiirn^ and a 
production process for the component; and to a ceramic paste which is advantageously 
employed for forming the ceramic layer, and a production process for the paste. 
Background Art 

When a monolithic ceramic electinnic component, such as a monolithic 
ceramic capacitor, is produced, a plurality of ceramic green sheets are provided and 
the sheets are then laminated. In accordance with the intended function of the 
monolithic ceramic electronic component, an internal circuit element film, such as a 
conductive film or a resistive film, is formed on a specific ceramic green sheet, the 
film being an element of a capacitor, a resistor, an inductor, a varistor, a fitter, etc. 

In recent years, miniaturization and wei^ reduction of electronic devices 
such as mobile communication devices have been progressing. For ^cample, when a 
monolithic ceramic electronic component is employed as a circuit elmient in such an 
electronic device, the size and the weight of the electronic componrat must be 
reduced. For example, there has been increasing demand for a monolithic ceramic 
capacitor of small size aiKl laige capacitance. 

A typical process for producing a monolithic ceramic c2q)acitor is as follows. 
Dielectric ceramic powder, an oiganic binder, a plasticizer, and an oiganic solvent are 
mixed together, so as to prepare a ceramic slurry. The resultant ceramic slurry is 



shaped into a sheet having a thickness of some tens of (mu by means of a doctor-blade 
method or a similar method on a suppoit, such as a polyester film, which is coated 
with a silicone resin serving as a peeling agent, to thereby fomi a ceramic green sheet, 

and the sheet is then dried. 

Subsequently, onto a main sur&ce of the ceramic green sheet, a conductive 
paste is applied through screen {mnting, so as to produce a plurality of patterns which 
arc s^arated from one another. Thereafter, the resultant sheet is dried, to thereby 
fomi internal electrodes serving as internal circuit element films on the sheet Fig. 7 
is a plan view of a portion of a ceramic green sheet 2 on which internal electrodes I 
are formed so as to be distributed at a plurality of positions as described above. 

Subsequently, the ceramic green sheet 2 is peeled off the support, and then cut 
into pieces of appropriate size. Thereafter, predetermined amounts of the pieces are 
laminated as partially shown in Fig. 6; Furthermore, predetermined amounts of 
cemmic green sheets not containing internal electrodes are laminated on opposite 
surfaces of the resultant lammate^ to thereby form a green laminate 3. 

The green laminate 3 is pressed in a vertical direction with respect to a 
horizontal plane, and then cut into laminate chips 4 as shown in Fig. 8, the chips being 
of appropriate size so as to be employed as individual monolithic ceramic capacitors. 
Subsequently, the binder is removed from each of the chips, the resultant chip is fired, 
and then external electrodes are formed on the chip, to thereby produce a monolithic 
ceramic capacitor. 

In order to reduce the size of such a capacitor and increase the capacitance 
thereof, the ceramic green sheets 2 and the internal electrodes I , which axe laminated, 
must be increased in number, and the ceramic green sheets 2 must be thinned. 

However, v^n the laminated sheets and electrodes are increa»d in number 
and the sheets are thinned as described above, the internal electrodes I are 
accumulated. Consequently, difference in thickness becomes more apparent between 
a portion at which the electrodes 1 are provided and a portion at which the electrodes 
1 are not provided; or a portion at which relatively large amounts of tfie internal 
electrodes 1 are provided in a vertical direction with respect to a horizontal plane and 
a portion at which small amounts of the electrodes 1 are provided in the vertical 



direction. Thmfore, for example, as shown in Fig. 8, the appearance of the resultant 
laminate chip 4 is deformed such that a main surface of the chip assumes a convex 
shape. 

When the laminate chip 4 is deformed as shown in Fig. 8, a relatively taigc 
strain arises during pressii^ at the portion at which the internal electrode 1 is not 
provided or the portion at which relatively small amounts of the electrodes 1 are 
provided in a vertical direction with respect to a horizontal plane. In addition, 
adhesion between the ceramic green sheets 2 is lowered^ and a structural defect such 
as delamination or micro-cracking tends to occur, the defect being caused by internal 
stress of the chip during firing. 

When the laminate chip 4 is deformed as shown in Fig. 8, the internal 
electrode 1 is undesirably deformed, which may cause a short circuit 

The aforementioned problems may lower the reliability of the resultant 
monolithic ceramic capacitor. 

In order to solve the aforementioned problems, for example, Japanese Patent 
Application Laid-Open (kol^O Nos. 56-94719, 3-74820, and 9-106925 disclose a 
method in which a ceramic green lay& 5 is formed on a region of a ceramic green 
sheet 2 on which internal electrodes 1 are not formed, as shown in Fig. 2, to thereby 
substantially compensate for spaces defined by step-like sections which are formed by. 
the internal electrodes I on the ceramic green sheet 2. 

As described above, in the case in which the ceramic green layer 5 which 
compensates for spaces defined by the step-like sections is formed, when a gieen 
laminate 3a is fomied as partially shown in Fig. 1, there is no substantial difference in 
thickness betweoi the portion at wiiich the electrodes 1 are provided and the portion at 
which the electrodes 1 axe not provided; or between the portion at which relatively 
laige amounts of the internal electrodes 1 are provided in a vertical direction with 
respect to a horizontal plane and the poition at which small amounts of the electrodes 
I are provided in the vertical directiotL Therefore, as shown in Fig. 3, the resultant 
laminate chip 4a tends not to be undesirably deformed as shown in Fig. 8. 



Consequently, the aforementioned structural defect such as delamioation or 
micro cracking; or short circuit due to deformation of the internal electrode 1 tends 
not to occur, thereby enhancing the reliability of the resultant monolithic ceramic 
capacitor. 

The aforementioned ceramic green layer 5 which compensates for spaces 
defined by the step-like sections has a composition similar to that of the ceramic green 
sheet 2, and the layer 5 is formed by applying a ceramic paste containing dielectric 
ceramic powder, an organic binder, a plasticizer, and an oiganic solvent onto the green 
sheet 2. In order to form the layer 5 through fmntiiig at high accuracy so as to attain a 
thickness (e.g.» 2 ^m or less) which is equal to that of the intdmal electrode 1, 
dispenibility of the ceramic powder in the ceramic paste must be high. 

In connection with the foregomg, for example, Japanese Patent Application 
Laid*Open {kokai) No. 3-74820 discloses a method for preparing a ceramic paste in 
which ceramic powder is dispersed by use of a three-roll milL However, it is difficult 
to increase dispersibility of the ceramic powder through use of a ttu^ee-roil mill only. 

Japanese Patent Application Laid-Open (kokai) No. 9- 1 06925 discloses that a 
ceramic slurry for forming a ceramic green sheet 2 is prepared by mixing dielectric 
ceramic powder, an organic binder, and a first oiganic solvent having a low boilii^ 
point, and the resultant slurry is employed for forming a ceramic green sheet 2; and 
that the slurry is mixed Math a secotid organic solvent having a boiling point higher 
than that of the first organic solvent, and like resultant mixture is heated so as to 
remove only the first organic solvent from the mixttue, to thereby prepare a ceramic 
paste for forming a ceramic green layer 5 which compensates for spaces defined by 
step-like sections. 

As described above, when the ceramic paste is prq^ared through at least two 
mixing steps, dispersibility of the ceramic powder is improved to some extent 
However, since the slurry or i^ste contains the organic binder, the viscosity of the 
slurry or paste becomes high during mixing. This imposes a limitation on improving 
di^ersibility of the ceramic powder when an apparatus such as a ball mill is 
employed. 



As already mentioned, there is a requirement for high dispersibility of the 
ceramic powder contained in tiie c^amic paste employed for forming the ceramic 
green layo: S which compensates for spaces defined by stqp-iike secti<Mxs» the layer 
being very thin and having a thickness equal to that of the intanal electrode 1. When 
the thickness of the internal electrode 1 decreases, the ceramic powder must exhibit a 
correspondingly higher dispersibility. 

Even when dispersibility of the ceramic powd^ is low in the coramic green 
layer 5» the ceramic green sheet 2 provided on the layer 5 may compensate for such 
low di^>ersibility to some extent However, when the thickness of the sheet 2 
decreases, the sheet cannot fully compMsate for such low diq)efsibility. 

Therefore, as the development of a monolithic coamic capacitor of small size 
and iaige capacitance has progressed, tha« has been a giowii^ need for high 
dispersilHlity of the ceramic powder contained in the ceramic gre«i l^er 5 which 
compensates for spaces defined by step-like sections. 

In order to enhance dispersibility of the ceramic powder in the ceiamic paste 
during mixing* the viscosity of the paste may be decreased Howevtf, when the 
amount of the aforementioned organic solvent of low boiling point is increased in 
order to decrease the viscosity of the paste, removal of the solvent following 
di^iersion of the ceramic powder requires a prolong^ period of time. 

When a monolithic ceiamic capacitor is produced by firing a green igmiiMti* 
3a including three different elements; i-e^ ceramic green sheets 2» intmud electrodes 
1, and ceramic ^een layers S which compensates for ^>aces defined by step-like 
sections which are formed by the electrodes, these three elements are shrunk during 
debindmg and then firing. Consequently, stress due to difierences in the physical 
[Hioperties of these three elements arises in the capacitor, and the stress may cause 
structural defects within the capactton 

In the process disclosed in Japanese Patent Application Laid-Open (kokai) No. 
9-106925, an organic binder contained in a ceramic paste for fomiing a ceramic green 
layer 5 which compensates for spaces defined by step-like secticms is the same as that 
contained in a ceramic slurry for forming a ceramic green sheet 2, Briefly, the oiganic 



binders arc dissolved in the same oisanic solvent. Therefore, when the ceramic green 
sheet 2 is laminated on the ceramic green layer 5 which has been dried, the organic 
binder contained in the dried layer 5 is dissolved with the organic solvent contained in 
the sheet 2, and thus the layer S may be impregnated with the organic solvent In view 
of the above, the ceramic paste disclosed in Japanese Patent Application Laid-Open 
{kokaij No. 9* I0692S is not necessarily suitable for a ceramic paste for a very thin 
ceramic layer such as the ceramic green layer S which compensates for spaces defined 
by step-like sections. 

Hereinabove, problems to be solved axe described with reference to a 
monolithic ceramic capacitor, but similar problems may be involved in other 
monolithic ceramic electronic components, such as a monolithic inductor. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present invention is to provide a 
process for producic^ a monolithic ceramic electronic component which enables 
solution of the above-described problems; and a monolithic ceramic electronic 
component produced through the process. 

Another object of the present invention is to provide a ceramic paste which is 
suitable for forming a very thin ceramic green layer such as the above-described 
ceramic layer which compensates for spaces defined by step*like sections; and a 
process for producing the paste. 

Accordingly, the pnesent invention provides a process for producing a 
monolithic ceramic electronic component The process comprises the following steps. 

Firstly, a ceramic slurry, a conductive paste, and a ceramic paste are provided. 

Subsequently, a plurality of composite structures are formed, each comprisirig 
a ceramic green sheet which is formed from the ceramic slurry; internal circuit 
element films v^ich are formed by applying the conductive paste partially onto a main 
surface of the ceramic green sheet so as to provide step-like sections; and a ceramic 
green layer which compensates for spaces defined by the step-like sections, the 
ceramic green layer being formed by applying the ceramic paste to the region on the 



main surface of the ceramic green sheet on which the elemoit films are not fbmied, so 
as to substantially compensate for the spaces. 

Sub^uently, the composite stnictiues are laminated, to thereby form a green 
laminate. 

TTien, the green laminate is fired. 

The process for producing a monolithic ceramic electronic component 
comprises the above essential steps, M^ieietn the ceramic paste for forming the 
ceramic green layer which compensates for step-like sections comfHises ceramic 
powder, an organic solvent, and an oiganic binder. A characteristic feature of the 
process of the present invention resides in die otg9nic binder contained in the ceramic 
paste. 

That is, the oiganic binder is a mixture formed by physically mixing two 
different oiganic binders, such as a mixture of polyvinyl butyral and a cellulose ester, 
a mixture of a polyacryiate and a cellulose ester, a mixture of polyvinyl bu^rial and 
polyvinyl acetate, or a mixture of polyvinyl butyral and a polyacrylate; or a copolymer 
predominantly comprising an alkyl aciylate and/or an alkyi methaciylate. 

When the aforementioned copolymer predominandy comprising an alkyl 
aciylate and/or an alkyl methacrylate is employed as the oiganic binder, the copolymer 
may contain, as a copolymerization element, a reactive monomer having a carboxyl 
group, an alkylme oxide group (RO)o, a hydroxyl group, a glyctdyl group, an amino 
group, or an amido group. 

Preferably, the ceramic paste oomimsing the organic binder is produced 
through the following steps. 

The production process for the ceramic paste comprises a first dispersion step 
in which a first mixture containing ceramic powder and a first organic solvent 
undergoes inx>cessing for providing a primary dispersion;. and a second dispersion step 
in which a second mixture containing an oiganic binder and the first mixture which 
has undergone the first dispersion step undergoes processing for providing a 
secondary disp&sion. It should be noted that the organic binder is added during the 
second dispersion step. In addition to the first organic solvent, a second organic 
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solvent having a relative e\^iporation rate lower than that of the first oiganic solvent is 
employed. The second organic solvent may be added during the first dispersion step 
or the second dispersion step. Alternatively, the second organic solvent may be added 
during the first dispersion step, and further added during the second dispersion step. 
After completion of the second dispersion step, the second mixture is heated, to 
thereby selectively remove the first organic solvent fiom the mixture. 

In the present invention, the ceramic slurry for forming the ceramic green 
sheet preferably contains ceramic powder which has a composition substantially the 
same as that of the ceramic powder contained in the ceramic paste for formti^ the 
ceramic green layer which compensates for spaces defined by step-like sections. 

Preferably, dielectric ceramic powder is contained in a ceramic slurry atKl 
ceramic paste. In this case, when intonal circuit element fibns arie internal electrodes 
which are arranged so as to provide capacitance therebetween, a monolithic ceramic 
capacitor can be produced. 

Preferably, magnetic ceramic powder is contained in a ceramic slurry arul 
ceramic paste. In this case, whm internal circuit element films are formed as hook- 

m 

shaped condusctive films, a monolithic inductor can be produced. 

Tlie present invention also provides a monolithic ceramic electronic 
component produced through the abovendescribed production process. 

The present invention also provides a ceramic paste as described above, and a 
process for producing the paste. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Various other objects, features, and many of the attendant advantages of the 
present invention will be readily ^s|Hieciated as the same becomes better understood 
with reference to the following d^ailed description of the preferred embodiments 
when considered in cormection with accompanying drawings, in v^ich: 

Fig. 1 is a schematic cross-sectional view of a portion of a green laminate 3a, 
illustrating a process for producing a monolithic ceramic capacitor of interest, which 
is an embodiment of the present invention; 



Fig. 2 is a plan view of a portion of a composite structure 6 which is prxKiuced 
through a production process for a nrx)nof ithic ceramic capacitor as shown in Fig. I ; 

Fig. 3 is a schematic cro^-sectional view of a laminate chip 4a which is 
produced through a production process for a monolithic ceramic capacitor as shown in 
Fig. 1; 

Fig. 4 is an exploded perspective view of elements constituting a green 
laminate 13 for producing a monolithic inductor, which is another embodiment of the 
present invention; 

Fig. 5 is a perspective view of the appearance of a monolithic inductor 1 1 
containing a laminate chip 1 2 which is produced by firing the green laminate 1 3 
shown in Fig. 4; 

Fig. 6 is a schematic cross-sectional view of a portion of a green laminate 3, 
illustrating a process for producing a conventional monolithic ceramic capacitor of 
interest; 

Fig. 7 is a plan view of a portion of a ceramic green sheet 2 on which internal 
electrodes I are formed through a production process for a monolithic ceramic 
capacitor as shown in Fig. 6; and 

Fig. 8 is a sdiematic cross-sectionai view of a laminate chip 4 which is 
produced through a production process for a monolithic ceramic cap^tor as shown in 
Fig. 6. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
One embodiment of the prraent invention will nsxt be described by taking a 

production process for a monolithic ceramic cq^acitor as an example. The production 

process will be described with reference to Figs. 1 through 3. 

In order to carry out the embodiment, there are provided a ceramic slurry for 

forming a ceramic green sheet 2; a conductive paste for forming internal electrodes 1 ; 

and a ceramic paste for forming a ceramic green layer 5 which compensates for spaces 

defined by step-like sections formed by the electrodes 1. 
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Hie ceramic sluny is prepared by mixing dielectric cenunic powder, an 
oisanic binder, a plasticizer, and an organic solvent having a relatively low boiling 
point. The ceramic sluny is shaped into a sheet, by means of a doctor blade process 
or a similar process^ on a support such as a polyester film (not shown in the Figs.) 
which is coated with a resin such as a silicone resin serving as a peeling agent, to 
thereby obtain the ceramic green sheet 2. Subsequently, the resultant sheet is dried. 
The thickness of the ceramic gjceen sheet 2 is some fim after drying. 

On a main surface of the ceramic green sheet 2, the internal electrodes 1 are 
formed so as to be distributed at a plurality of positions. The thickness of each of the 
electrodes is about 1 pm, after firing. The internal electrodes I are formed, for 
example, by applying the cotxiuctive paste onto the ceramic green sheet 2 through 
screen printing, and then drying the paste. Each of the electrodes 1 has a 
pred^ermined thickness, and thus spaces defined by step-like sections formed by the 
electrodes I are provided on the ceramic green sheet 2. 

Subsequently^ the ceramic green layer 5 is formed on the region on the main 
surface of the ceramic green sheet 2 on which the internal electrodes 1 are not formed, 
so as to substantially compensate for the spaces defined by the step-like sections. The 
ceramic green layer 5 is formed by applying the ceramic paste onto the ceramic green 
sheet 2 through screen printing, so as to have a pattern negative to that of the internal 
electrodes K and then the resultant liQ^r S is dried. A characteristic feature of the 
present invention resides in the ceramic paste which is employed for framing the layer 
S, and the paste will be described below in more detail. 

In the above description, the ceramic green layer 5 is fomied after the internal 
electrodes 1 are formed. However, the ceramic green layer 5 may be formed before 
the internal electrodes 1 are formed* 

A plurality of composite structures 6 are prepar^l. Each of the structures 6 as 
shown in Fig. 2 includes the ceramic green sheet 2, the internal electrodes 1, and the 
ceramic green layer 5, the electrodes and the layer being formed on the sheet as 
described above. Each of the composite structures 6 is peeled off the support, and 
then cut into pieces of appropriate size. Predetermined junounts of the pieces are 
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laminated to form a lamination product, and then ceramic green sheets not containing 
such internal electrodes and ceramic green layers are laminated on opposite surfaces 
of the product, to thereby form a green laminate 3a as partially shown in Fig. 1 * 
The green laminate 3a is pressed in a vertical direction with respect to a 
horizontal plane, and then, as shown in Fig. 3» cut into appropriately-sized laminate 
chips 4a such that each of the chips can be suitably employed for producing a 
monolithic ceramic capacitor. Subsequently, the binder is removed from the laminate 
chip, and the resultant chip is fired« Thereafter, external electrodes are formed on the 
chip, to thereby produce a monolithic ceramic capacitor. 

As described above, when the ceramic green layer S is foirned, in the green 
laminate 3a as partially shown in Fig. 1, there is no substantial difference in thickness 
between the portion at which the electrodes 1 are provided and the portion at which 
the electrodes 1 are not provided; or between the portion at vAdch relatively large 
numbers of the internal electrodes 1 are provided in a vertical direction with respect to 
a honzontal plane and the portion at which small numbers of the electrodes are 
provided in a vertical direction with respect to a horizontal plane. TTierefore, as 
shown in Fig.' 3, the laminate chip 4a tends not to be undesirably deformed as it is in 
Fig* 8« Consequently, structural defects such as delamination or micro cracking, or 
short-circuiting may not arise in the resultant monolithic ceramic c^sacitor. 

A characteristic feature of the present invention resides in the organic binder 
contained in the ceramic paste for forming the ceramic green layer 5. Examples of the 
organic binder which may be employed include a mixture formed by physically 
mixing two different organic binders, such as a mixture of polyvinyl butyral'and a 
cellulose ester, a mixture of a polyacryiate and a cellulose ester, a mixture of polyvinyl 
butyral and polyvinyl acetate, or a mixture of polyvinyl buQral and a polyacryiate; and 
a copolymer predominantly containing an alkyl acrylate and/or an allQf 1 metfiacrylate. 

The amount of the organic binder is 1-20 wt% on the basis of the entirety of 
the ceramic powden preferably 3-10 wt.%. 

The aforementioned polyvinyl butyral, which is contained in a mixture serving 
as the organic binder, is produced through condensation between polyvinyl alcohol 
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and butyraldehyde. Polyvinyl butyral products include a low polymerization product, 
a medium polymerization product, and a high polymerization product, in which the 
amounts of an acetyl group and a butyral group are 6 moI% or less and 62-82 mol%, 
respectively. The polyvinyl butyral product contained in a mixture serving as the 
organic binder in the ceramic paste of the present invention is preferably a medium 
polymerization product in which the amount of a butyral group is about 65 mol%, in 
consideration of the viscosity of the polyvinyl butyral in an organic solution and the 
toughness of the film which is produced through drying of the polyvinyl butyral. 

Examples of the cellulose cst^ which may be employed include nitrocellulose, 
cellulose acetate, and ethyl cellulose. . 

Exarnples of the polyacrylate which may be employed include a polymer of a 
single (meth)acrylate monomer, such as actylate or methyl acryiate; and a copolymer 
of two or more (meth)acTylate monomers. 

The polyvinyl acetate which is employed may have an arbitrary molecular 

weight. 

The mixing ratio of the cellulose ester and tbe polyvinyl butyral may be 
determined arbitrarily. When the ratio of the cellulose ester to the polyvinyl butyral is 
high, screen printing is easily carried out. In contrast, in the case in which the ratio of 
the polyvinyl butyral to the cellulose ester is high, when the ceramic green sheets 2 
containing the ceramic green layer 5 are laminated and then pressed, the sheet 2 and 
the layer S are brought into tight contact with each other. In order to obtain the 
respective advantages of these two organic binders, the mixing ratio of the cellulose 
ester to the polyvinyl butyral is pi^erably 10 wL%/90 wt.% to 90 wt.%/10 wL%. 

The mixing ratio of the polyacrylate and the cellulose ester may also be 
determined arbitrarily. When the ratio of die polyacrylate to the cellulose ester is 
high, thermal decomposabiiity of the bind^ is also high, bi ad(£tion, when the 
ceramic green sheets 2 containing the ceramic green layer 5 are laminated and then 
pressed, the sheet 2 and the layer 5 are brought into tight contact with each other. In 
contrast, when the ratio of the cellulose ester to the polyacrylate is high, screen 
printing is easily carried out. In order to obtain the respective advantages of these two 
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organic bindm, the mixing ratio of the polyacrylale to the cellulose ester is pi^ferabty 

1 0 wt.%/90 wt,% to 90 wt.%/ 1 0 wt,%. 

The mixii^ ratio of the polyvinyl butyral and the polyvinyl acetate may also be 
determined arbitrarily. When the ratio of the polyvinyl buQrol to the polyvinyl acetate 
is high, the sheet 2 and the layer 5 are brought into tight contact with each other. In 
contiast, when the ratio of the polyvinyl acetate to the polyvinyl butyral is high» screen 
printing is easily carried out, and thermal decomposability of the binder is high. In 
order to obtain the respective advantages of these two otganic binders, the mixing 
ratio of the polyvinyl butyral to the polyvinyl acetate is preferably 10 wL%/90 wL% to 
90 wt%/10wt.%. 

The mixing ratio of the polyvinyl butyral and the polyaciylate may also be 
determined arbitrarily. When the ratio of one of these two oiganic Wiers is hi^ the 
sheet and the layer S are bn>ught into tight contact with each other. In ord^ to obtain 
the respective advantages of these two organic binders, the mixing ratio of the 
polyvinyl butyral to the polyaciylate is preferably 1 0 wt%/90 wt.% to 90 wt.%/10 
wt-%. 

When 'a copolymer predominantly containing an alkyl acrylate and/or an alkyl 
methaciylate is employed as the oiganic binder, the alkyl (meth)aciylate preferably has 
a CI -C8 aHqrl group. Examples of such alkyl (meth)accylate5 include methyl aciylate^ 
methyl methaciylate, ethyl aciylate, ethyl m^haciylate, isopropyi aciylate, isoprof^I 
methacxylate, n-butyl aciylate, n-butyl methaciylate, isobutyl acrylate, isobutyl 
methaciylate, t-butyl aciylate, t-^butyl methactylate, cyclohexyl aciylate, cyclohexyl 
methacrylate, 2-ethylhexyI aciylate, and 2-^yibexyl methaciylate. 

When the afbrementioned copolymer predominantly containing an allq^l 
aciylate and/or an alkjd m^faacrylate is employed as the oiganic binder, the copolymer 
preferably contains, as a copolymerization element, a reactive monomer containing a 
carboxyl group, an alkylene oxide group (RO)^, a hydroxyl group, a glycidyl group, an 
amino group, or an amido group. 

Examples of the aforementioned carboxyl groi^p-containing monomer include 
unsaturated carboxylic acids such as acrylic acid and methactylic acid; and 



unsaturated bifiinctional carboxylic acids such as maleic acid, itaconic acid, and 
fumaric acid, and half esters thereof. The caifooxyl group-containing monomer is not 
particularly limited to the above examples and may be a mixture of two or more 
species, but the monomer is preferably methacrylic acid or actylic acid which has the 
simplest structure. 

The alkylene oxide (RO)n contained in an alkyl group of the alkyi 
(meth)acrylate is preferably industrially useful methylene oxide, ethylene oxide, or 
propylene oxide. The alkylene oxide is preferably an alkyiene oxide in which n is l- 
40. This is because when n is in excess of 40» the molecular weight of the copolymer 
increases, and the solubility of the copolymer in an oxg^nic solvent drastically 
decreases. 

Examples of the alkyl (meth)acxylate in which an alkyl group contains a 
hydroxyl group include 2-hydroxyethyl aoylate, 2-hydroxyethyl methacrylate, 2- 
hydroxybutyl aciylate, and 2-hydroxybutyl methacrylate. When the number of carbon 
atoms of the alkyl group increases, the glass transition temperature of the copolymer 
decreases. Of these examples, 2-hydroxyelhyl acrylate or 2-hydroxyethyl 
methacrylate is preferably employ^, since characteristics are well balanced. 

» 

Examples of the alkyl (meth)acryiate in which an alkyl groiq> contains a 
glycidyl group include glycidyi acrylate and glycidyl methacrylate. 

Examples of the alkyl (meth}a(^late in which an all^l group contains an 
amino or amide group include dimetfaylaminoediyl acrylate, dintethylaminoethyl 
methacrylate, diethylaminoethyl aoylate, dietfiylaminoethyl methacrylate, acrylamide, 
N-methylolacrylamide, and diacetonaczylamide. 

Examples of other copolymerizable reactive monomers include actylonitrile, 
s^nrene, ethylene, vinyl acetate, and n-vinylrorrolidone. 

No particular limitation is imposed on the amount of the aforementioned 
reactive monomer containing a carboxyl group, an alkylene oxide group (RO)„, a 
hydroxyl group, a glycidyl group, an amino group, or an amido group in the 
copolymer, but the amotmt is preferably about 0. 1 -SO mol%. 
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When the amount of the reactive monomer increases within the above range, 
hydrophiiicity is imparted to the copolymer and the solubtiity of the copolymer in an 
oiganic solvent varies^ and thus the viscosity of the ceramic paste containing the 
copolymer can be varied. However, when the amount of die reactive monomer 
excessively increases in the copolymer, the copolymer may &iied to be completely 
dissolved in an organic solvent 

The aforementioned reactive monomers may be incorporated into the alkyl 
(meth)aciylate singly or in combination of two or more species. 

The avoage molecular weight of die copolymer predominantly containing the 
alkyl (meth)aciylate is preferably 1,000-300,000, more preferably 10,000-100,000. 
This is because, when the molecular weight is less than 1 ,000, the coagulation 
propoties of the otganic binder are weakened, and the strength of the binder is 
lowered, whereas w*en the molecular weight is in excess of 300,000, the viaxjsity of 
the copolymer solution increases and the paste containing the copolymer is difficult to 
prepare. 

The copolymer predominantly containing the alkyl (meth>aczylate can be 
produced through, for example, the following process. 

Toluene (300 g) is placed into a I -liter separable flask equipped with a stiner, 
a thermometer, a reflux condenser, a dmpping funnel, and a nitrogen gas-introducing 
tube- The toluene is heated at 90^C under flow of nitrogen gas, a base material (150 
g) and a polymerization initiator such as benzoyl peroxide (0.5 g) are placed into the 
dropping funnel, and then the resultant mixture is added dropwise through the funnel 
to the toluene over two hours. After completion of addition, the resultant reaction 
mixture is further heated at the reflux terap«ature for one hour, and then cooled^ to 
thereby produce a copolymer predominantly containing the alkyl (meth)acrylate. 

In the present invention, the ceramic paste for forming the cmmic green l^r 
5, die paste containing the organic binder having the aforementioned features, is 
preferably produced through the following process. 

In order to produce the ceramic paste, there are carried out a first dispersion 
step in which a first mixture containing ceramic powder and a first organic solvent is 



/6 

subjected to processing for providing a primary dispersion; and a second dispersion 
step in wiuch a second mixture containing an organic binder and the first mixture 
which has been subjected to the first dispersion step is subjected to processing for 
providing a secondary dispersion. 

In the first dispersion step, an oiganic binder is not added, and thus the first 
mixture can be subjected to processing for providing a primary dispersion at low 
viscosity. Therefore, dispersibilityofthe ceramic powder is easily enhanced. In the 
first dispersion step, air adsorbed on the ceramic powder is replaced by the first 
organic solvent, and thus the ceramic powder is sufficicaitiy wetted with the first 
organic solvent, and the agglomerated ceramic powder is finely divided into particles 
as welL 

In the second dispersion step, the organic binder can be mixed sufficiently and 
uniformly while dispersibility of the ceramic powder is maintained at a high level, the 
dispersibility being enhanced in the first dispersion step as described above. In 
addition, the ceramic powder may fiirther be pulverized in the second dispersion step. 

In the preferred production process, in addition to the first organic solvent, a 
secotKi organte solvent having a relative evaporation rate lower than that of the first 
organic solvrat is miployed. The second orgamc solvent may be added during the 
first dispersion step or the second dispersion step. Alternatively, the second organic 
solvent may be added during the first dispersion step, and fiirther added during the 

second dispersion step. 

Afist completion of the second dispersion step, the second mixture is heated, 
to thereby selectively r^nove the first organic solvent ftom the mixture. 

As described above, the first organic solvent is removed after completion of 
the second dispersion step, and thus the viscosity of the second mixture can be 
maintained at a relatively low level during the second dispersion step. Therefore, 
dispersibility can be maintsuned at a relatively high level, and the solubility of the 
organic binder, wiiich is added during the second dispersion step as described above, 
can be enhanced. 
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The ceramic paste produced as described above substantially contains only the 
second oiganic solvent, although a trace amount of the first oiganic solvent may exist 
in the paste. Since the second oiganic solvent has a relative evaporation rate lower 
than that of the first organic solvent, the rate of drying of the ceramic paste can be 
reduced to a predetermined value or less. Therefore, the paste can be subjected to 
screen printing without any problem. 

In the first and second dispersion steps of the aforemendoned preferred 
production process, a customary apparatus such as a bail mill is employed for carrying 
out processing for providing a dispersion. 

In the production process, a vaiieQf of organic solvents may be employed as 
the first or second oisanic solvent Therefore, an appropriate organic solvent may be 
chosen for each of the first and second ofganic solvents in consideration of the relative 
evaporation rate of the organic solvent. 

Examples of such organic solvents include ketones such as methyl ethyl 
ketone, methyl isobutyl ketone, and acetone; hydrocarbons such as toluene, benzene^ 
xylene, and n-hexane; alcohols such as methanol, ethanol, isopropanol, butanol, and 
amyl alcohol; esters such as ethyl acetate, butyl acetate, and isobu^i acetate; ketones, 
esto^, hydrocarbons, and alcohols, such as diisopropyl ketone, ethyl cellosolve, butyl 
celiosoive, cellosolve acetate, m^yl cellosolve acetate^ butyl carbitol, cyclohexanol, 
pine oil, dihydroterpineol, isophorone, terpineol, dipropylene glycol, and dimethyl 
phtlttlale; chlorinated hydrocarbons such as methylene chloride; and a mixture 
thereof. 

In order to readily remove the first organic solvent afier completion of the 

second dispersion step, the solvent preferably has a relative evaporation rate of 1 00 or 

more at 20^C, more preferably 1 50 or more. As used herein^ the term "relative 

evaporation rate" refers to an evaporation rate relative to the evaporation rate of n- 

butyl acetate (boiling point: I26.5*C) when the evaporation rate thereof is defined as 
100. 

Examples of organic solvents having a relative evaporation rate of 1 00 or 
more, vdiich are suitable for the first organic solvent, include methyl ethyl ketone 
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(relative evaporation rate: 465), metl^l isobutyl ket<me (relative evaporation rate: 
145), acetone (relative evaporation rate: 720), toluene (relative evaporation rate: 195), 
benzene (relative evaporation rate: 500), methanol (relative evaporation rate: 370), 
ethanol (relative evaporation rate: 203), isopropanol (relative evaporation rate: 205X 
ethyl acetate (relative evaporation rate: 525), isobutyl acetate (relative evaporation 
rate: 152), butyl acetate (relative ev^x^ration rate: 100), and a mixture thereof. 

Meanwhile, the second organic solvent preferably has a relative evaporation 
rate of 50 or less at 20''C, in order to allow efficient screen printing. 

Examples of oiganic solvents having a relative evaporation rate of 50 or less, 
which are suitable for the second origanic solvent, include diisopropyl ketone (relative 
evaporation rate: 49), methyl cellosolve acetate (relative eviration rate: 40), 
cellosoive acetate (relative evaporation rate: 24), butyl cellosolve (relative ev^xjration 
rate: 10), cyclohexanol (relative evaporation rate: 10 or less), pine oil (relative 
evaporation rate: 10 or less), dihydroterpineol (relative evaporation rate: 10 or less), 
isophorone (relative evaporation rate; 10 or less), terpineol (relative evaporation rate: 
10 or less), dipropylene glycol (relative evaporation rate: 10 or less), dimethyl 
phthalate (relative evaporation rale: 10 or less), butyl carbitol (relative evaporation 
rate: 40 or less), and a mixture thereof. 

The first or second organic solvent rosy be readily chosen on the basis of its 
boiling point instead of its relative evaporation rate as described above. In many 
cases, w^hen the first and second organic solvents are chosen such that the boiling 
point of the former is lower than that of the latter, the relative evaporation rate of the 
former is higher than that of the latter. 

Boiling points of some of the aforementioned organic solvents are as foUo^^: 
methyl ethyl ketone (79.6'C), methyl isobutyl ketone (118.0**C), acetone (56.1**C), 
toluene (111 Xy*C\ benzene (79.6**C), methanol (64.5*Q, ethanol (78,5°C), 
isopropanol (82.5**C), ethyl acetate (77.1 "C), isobutyl acetate ( 1 1 8.3*^C), diisopropyl 
ketone (143.5°C), methyl cellosolve acetate (143^C), cellosolve acetate (I56.2''C), 
butyl cellosolve (170.6°C), cyclohexanol (160^C), pine oil (195-225*^C), 
dihydroterpineol (210X), isophorone (215.2**C), terpineol (219.0**C), dipropylene 



19 

glycol (23 1 .VC), and dimethyl phthalate (28Z4^C)- The first and second oi^anic 

solvents may be chosen on the basis of such boiling points. 

When the first and second oi^ic solvents are chosen on the basis of the 
difference in the boiling points, the difference between the boiling point of the first 
organic solvent and that of the second organic solvent is prefeiably 50 degrees or 
more. This is because, when the difference is 50 degrees or moK, the first organic 
solvent can be selectively and easily removed through heating after completion of the 
second dispersion step. 

In order to feciiitate screen printing, the second organic solvent preferably has 
a boiling point of 1 50*C or higher, more prefeiabiy about 200-250*C, Whoi the 
boiling point is lower than 150**C, the ceramic paste dries rapidly, and thus the 
printing pattern meshes tend to be undesirably filled with the paste, wh^eas when the 
boilhig point is higher than 250*C, the printed film is difficult to dry, and thus a 
prolonged period of time is necessary for drying. 

The ceramic powder contained in the ceramic paste preferably has a 
composition substantially the same as that of the ceramic powder contained in the 
ceramic slurry for forming the ceramic green sheet 2. This is because, when these 
ceramic powders have substantially the same composition, the ceramic green layer 5 
and the ceramic green sheet 2 can be uniformly sintered. 

When the ceramic powders have substantially the same composition, the 
powdm contain the same primary component For example, even wfam the powders 
contain different secondary components such as metallic oxide and glass in trace 
amounts, the powders are considered to have substantially the same composition. 
When the ceramic powder contained in the ceramic green sheet 2 satisfies temperature 
charactmstics of capacitance; i.e., the B characteristic qiecified JIS and the X7R 
characteristic specified by EIA, if the ceramic powder contained in the ceramic paste 
for forming the cnamic green layer 5 has the same primary component and satisfies 
the B and X7R characteristics, these powders are allowed to have different secondary 
components. 



Fig. 4 illustrates the production process for a monoHthic inductor which is 
another embodiment of the present invention. Fig. 5 is a perspective view of the 
appearance of a monolithic inductor 1 1 produced through the production process. Fig. 
4 is an exploded perspective view of elements constituting a green laminate 1 3 for 
producing a laminated chip 1 2 contained in the monolithic inductor 1 1 . 

The green laminate 1 3 contains a plurality of ceramic green sheets 14, 1 S« 1 6, 
17,18, and 1 9, and is produced by laminating the sheets 14 through 1 9* 

The ceramic green sheets 14 throug^i 19 are produced by shapii% a ceramic 
slurry containing magnetic ceramic powder into sheets by means of a doctor blade 
process or a similar process, and tfien drying the resultant sheets* Each of the ceramic 
green sheets 1 4 through 19 has a thickness, for example, of 10-30 jmi after dtying. 

On each of the sh«ts 1 5 throi^ 18, which are located in the middle portion 
of the laminate 13, a hook-shaped ccmductive film and a ceramic green layer are 
formed which compensates for spaces defined by step-Uke sections form^ by the 
film. A process for the formation of the film and the layer are described below. 

Firstly^ a hook-shaped conductive film 20 is formed on the ceramic green sheet 
1 5. The film 20 is formed such that a first end of the fihn extends to the edge of the 
sheet 15. A via hole conductor 2 1 is formed at a second end of the film 20. 

A hole which is to be filled with the conductor 21 is formed in the sheet IS by 
means of a laser or punching. Subsequently, the conductive paste is applied onto the 
she^ 1 5 through screen printing, and then the resultant sheet is dried, to thereby form 
the hook-shaped conductive film 20 and die via hole conductor 21. 

A ceramic green layer 22 is formed on the region on the main surface of the 
ceramic green sheet 1 5 on which the hook-shaped conductive film 20 is not formed, 
so as K> substantially compensate for spaces defined by the step-like sections formed 
by the film 20, The ceramic green layer 22 is formed by applying the ceramic paste 
onto the sheet 1 S through screen printing, (a characteristic feature of the present 
invention resides in the paste containing magnetic ceramic powder), and then drying 
the resultant sheet. 
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Subsequently, on the ceramic green sheet 1 6. a hook-shaped conductive film 
23, a via hole conductor 24, and a ceramic green layer 25 w^ich compoisates for 
spaces defuied by step-like sections formed by the fifan 23 axe formed in a manner 
similar to that described above. A first end of the film 23 is connected to the second 
end of the film 20 with the intervention of the via hole conductor 2 1 . The via hole 
conductor 24 is formed at a second end of the fihn 23. 

Subsequently, on the ceramic green sheet 1 7, a hook-shaped conductive film 
26, a via hole conductor 27, and a cenunic green layer 28 which compensates for 
spaces defined by step-like sections firnned by the fibn 26 are formed in a manner 
similar to dial described above. A first end of the film 26 is connected to the second 
end of the film 23 with the intervention of the via hole conductor 24. The via hole 
conductor 27 is fomied at a second end of the film 26. 

If necessary, the above-described lamination of the ceramic green sheets 16 
and 1 7 is carried out repeatedly. 

Subsequently, on the ceramic green sheet 1 8, a hook-shaped conductive fihn 
29, and a ceramic green layer 30 which compensates for spaces defined by step-like 
sections formed by the fihn 29 are formed. A first end of the film 29 is connected to 
the second end of the film 26 with the intervention of the via hole conductor 27. The 
film 29 is formed such that a second end thoeof extends to the edge of the sbert 1 8. 

Each of die hook-shaped conductive fihns 20, 23, 26, and 29 has a thickness 
of aboin 30 ixm after drying. 

In the green laminate 13, which is produced through the lamination of a 
plurality of composite structures including the ceramic green sheets 14 through 1 9, the 
hook-shaped conductive films 20, 23, 26, and 29 are successively connected to one 
another with the intervention of the via hole conductors 21, 24, and 27, to thereby 
form a coil-shaped conductor having a plurality of turns. 

The laminate chip 1 2 which constitutes the monolithic inductor 1 1 shown in 
Fig. 5 is produced by firing the green lammate 13. The green laminate 13 shown in 
Fig. 4 is employed for producing only one laminate chip 1 2. However, a green 
laminate for producing a plurality of laminate chips may be formed. In this case, after 
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the green laminate is formed, the laminate is cut into pi«:es, to thereby produce a 
plurality of laminate chips. 

Subsequently, as shown in Fig. 5» external electrodes 30 and 3 1 are formed on 
the opposite ends of the laminate chip 1 2, such that the electrodes 30 and 3 1 are 
connected to the first end of the film 20 and the second end of the film 29, 
respectively, to thereby produce the monolithic indmtor 1 1. 

C^amic powder is contained in the ceramic green sheet 2 and the cerEunic 
green layer 5 which constitute the monolithic ceramic ciq^acitor which is desoibed 
above with reference to Figs. 1 through 3; and the ceramic powder is also contained in 
the ceramic green sheets 14 through 19 and the ceramic grera layCTS 22, 25, 28, and 
30 which constitute the monolithic inductor 1 1 which is described above with 
lefecmce to Figs« 4 and 5. Examples of the ceramic powder include ceramic powder 
of an oxide such as alumina, zirconia, magnesia, titanium oxide, barium titanate, lead 
titanate zirconate, or ferrite-manganese; and ceramic powder of a non-oxide such as 
silicon carbide, silicon nitride, or sialon. The ceramic powder which is employed is 
pieferably pulverized and has a spherical shape. The rman particle size of the powder 
is preferably 5 |im or less, more preferably I ^m. 

When barium titanate containing an alkali metsd oxide as an impurity in an 
amount of 0.1 wt,% or less is employed as the ceramic powder, a trace amoimt of the 
following metallic oxide or glass compot^nt may be incorporated into the ceramic 
powder* 

Examples of the metallic oxide include terbium oxide, dysprosium oxide, 
holmium oxide, erbium oxide, ytterbium oxide, manganese oxide, cobalt oxide, nickel 
oxide, and magnesium oxide. 

Examples of the glass component include Li2-(SiTi)02*MO (wherein MO 
refers to AI2O3 or Z1O2), 51(^1102-1^0 (wherein MO refers to BaO, CaO, SrO, 
MgO, ZnO, or MnO), Li^O-BaOHSiTOOi+MO (wherein MO refers to AI2O3 or 
ZrOj), B203-A1203-MO (wherein MO refers to BaO» CaO, SrO, or MgO), and Si02. 

A conductive paste is employed for forming the internal electrodes 1 which 
constitute the monolithic ceramic capacitor which is described above with reference to 
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Figs. 1 through 3; and the conductive paste is also employed for forming the hook- 
shaped conductive films 20, 23, 26, and 29 and the via hole conductors 21, 24, and 27 
M^ch constitute the monolithic inductor 1 1 which is described above with reference 
to Figs. 4 and 5. The conductive paste employed vAll next be described. 

The conductive paste employed in the monolithic ceramic ciqsacitor includes 
copper powder, nickel powder, or conductive powder containing an alloy of Ag/Pd 
having a ratio of 60 wt.%/40 wL% to 10 wt%/90 wt.%. Such powder has a mean 
particle size of 0.02-3 jun, preferably 0.05-0.5 jim. The powder (100 parts by 
weight); an oiganic binder (2-20 parts by weighty preferably 5-1 0 parts by weight); a 
resinate of a metal such as Ag, Au, Pt, Ti, Si, Ni» or Cu, serving as a smtering- 
supi^essing agent (about 0.1-3 parts by weight, preferably 0.5-1 parts by weight, as 
reduced to a metal); and an organic solvent (about 35 parts by weight) are kneaded by 
use of a thiee-roU mill, and then the same or a different oiganic solvit is further 
added to the resultant mixture to control the viscosity, to thereby prepare the 
conductive paste. 

The conductive paste employed in the monolithic inductor 1 1 includes 
conductive powder containing Ag or an alloy of Ag/Pd having a ratio of 80 wL%/20 
wt.% to 100 wl.%/0 wt%. The powder (1 00 parts by weight); and the organic binder, 
the sintering-suppresstng agent, and the organic solvent, which are the same as those 

employed in the above conductive paste, are kneaded at the same proportions as 

■ 

described above by use of a three-roll mill, and then the same or a different or^mc 
solvent is further added to the resultant mbcture to control the viscosity, to thereby 
prepare the conductive paste. 

EXAMPLES 

The present invention will MXt be described in more detail by way of Test 
Examples. 

(Test Example I ) 

Test Example 1 relates to a monolithic ceramic capacitor. In Test Example U 
when a ceramic paste for forming a ceramic green layec which compensates for spaces 



define by step-like sections was preparecU an oxganic binder employed in the paste 
was formed by physically mixing two different organic binders; i.e^ a mixture of 
pol3rvinyl butyral and a cellulose ester, a mixture of a polyacrylate and a cellulose 
ester, a mixture of polyvinyl butyral and polyvinyl acetate, or a mixture of polyvinyl 
butyral and a polyacrylate. In Test Example 1 , the effect of such a mixture of two 
different oiganic binders was confirmed, 
1 • Preparation of ceramic powder 

Firstly, barium carbonate (BaCO^) and titanium oxide (TiOi) were weighed so 
as to attain a mol ratio of 1 :U and wet-mixed by use of a ball mill, and the resultant 
mixture was dehydrated and then dried* Subsequently the dried mixture was calcined 
at I,O0O^C for two hours, and then pulverized^ to thereby obtain dielectric ceramic 
powder. 

2. Preparation of ceramic slurry and formation of ceramic green sheet 
The thus-prepared ceramic powder (i 00 parts by weight), polyvinyl butyral 

(medium polymerization product) (7 parts by weight), dioctyl phthalate (DOP) serving 

* 

as a plasticizer (3 parts by weight), methyl ethyl ketone (30 parts by weight), ethanol 
(20 parts by weight), toluene (20 parts by weight), and ziiconia grinding balls havit^ a 
diamet^ of 1 mm (600 parts by weight) were placed in a bail mill, and wet-mixed for 
20 hours, to thereby prepare a ceramic slurry. 

The resultant ceramic slurry was shaped into a ceramic green sheet having a 
thickness of 3 |im (2 {im after firing) by means of a doctor blade process. The sheet 
was dried at 80^C for five minutes. 

3. Preparation of conductive paste 

M^allic powder (Ag/Pd - 70/30) (100 parts by weight), ethyl cellulose (4 
parts by weight), alkyd resin (2 parts by weight), Ag metallic resinate (3 parts by 
weight, 1 7.5 parts by weight as reduced to Ag), and butyl carbitol acetate (35 parts by 
w^ght)' were kneaded by use of a three-roll mill, and then terpineol (35 parts by 
weight) was added to the resultant mixture to control the viscosity of the mixmre. 

4. Preparation of ceramic paste for forming a ceramic green layer which 
compensates for spaces defmed by step-like sections 
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(1) Working Examples I through 19 

The above-prepared dielectric powder (1 00 parts by weight), methyl ethyl 
ketone having a relative evaporation rate of 465 (70 parts by weightX and zirconia 
grinding bells having a diameter of I mm (600 parts by weight) were placed in a ball 
mill, and wet-mixed for 16 hours. Subsequently, teiplneol having a boiling point of 
220«C and a relative evaporation rate of 10 or less (40 parts by weight) and an oiganic 
binder (10 parts by weight) were added to the ball mill, and the resultant mixture was 
further mixed for 1 6 hours, to thereby obtain a ceramic slurry mixture. 

Polyvinyl butyral. a cellulose estet, a polyaciylate. or polyvinyl acetate were 
provided as the above-described oiganic binder. Specifically, the polyvinyl butyral 
employed was a medium polymerization product containing a hntyral group and an 
acetyl group in an amount of 70 raol% and 5 mol%. respectively. The ceUulose ester 
employed was rthyl cellulose containing an ethoxyl gjcoxip in an amount of 49%. The 
polyacrylate employed was a polymer predominandy containing isofautyl methaciylate 
and having a molecular weight of 50,000. 

Mixtures of two different oiganic binders which were mixed at the ratios (by 
wt.%) shoMm in Table I were employed in Working Examples 1 through 19. 

Subsequently, the above-obtained ceramic siuny mixture was sutjected to 
reduced-pressure distillation in a hot bath at 60''C by use of an evaporator for two 
hours. Through distiUation, methyl ethyl ketone was completely removed from tiic 
slurry, to thereby obtain a ceramic paste. 

(2) Comparative Example 1 

The above-prepared dielectric powder (100 parts by weight), terpineol having 
a boiling point of 220°C (40 parts by weight), and a cellulose ester (ethyl cellulose 
resin) (5 parts by weight) were mixed in an automatic mortar. The ceUulose ester 
shown in Table 1 was employed alone as die oiganic binder. The resultant mixture 
was kneaded by use of a three-roll mill, to tiiereby obtain a ceramic paste. 

(3) Comparative Examples 2 throu^ S 

The above-prepared dielectric powder (100 parts by weight), methyl ethyl 
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ketone (70 parts by weight), and ziroonia grinding balls having a diameter of 1 mm 
(600 paits by weight) were placed in a ball mill, and wet-mixed for 16 hours. 
SubsequenUy, terpineol having a boiling point of 220«C and a felative evaporation rate 
of 10 or less (40 parts by weight) and an organic binder (10 parts by weight) were 
added to the ball mill, and the resultant mixture was fiirther mixed for 16 hours, to 
thereby obtain a ceramic slurry mixture. 

As showm in Table 1, only one organic binder was employed in each of 

Comparative Examples 2 thmugh S. 

Subsequently, the above-obtained ceramic sluny mixture was subjected to 
reduced-pressure distillation in a hot bath ai 60"C by use of an evaporator for two 
hours. Through distillation, methyl ethyl ketone was completely removed from the 

slurry, to thereby obtain a ceramic paste. 

5, Production of monolithic ceramic capacitor 

The conductive paste was applied onto a main surface of the above-formed 
ceramic green sheet through screen printing, and then dried at iO^'C for 10 minutes, to 
thereby form internal electrodes, Tlie size, shape, and position of the internal 
electrodes wwe determined so as to fit a laminate chip produced in the below- 
described step. Subsequently, the ceramic paste of one of Working Examples 1 
through 19 and Comparative Examples 1 through 5 was applied onto the main sur&ce 
of the ceramic green sheet through screen printing, and tiien dried at 80®C for 10 
minutes, to thereby form a COTmic green layer which compensates for spaces defined 
by stq>-like sections. The thicknesses of the internal electrode and the ceramic grera 
layer were 1 fxm after drying and O.S fxm after firing. 

Subsequently, the ceramic green sheets containing the internal electrodes and 
the ceramic green layer (200 sheets) were laminated, and then the lamination product 
was sandwiched by some tens of ceramic green steets not containing internal 
electrodes, to thereby form a green laminate. The green laminate was thermally 
pressed at 80**C under a pressure of 1 ,000 Kg/cm . 

Subsequently, the resultant laminate was cut into a plurality of laminate chips 
by use of a cutting blade. The dimensions of each of the chips were determined so as 
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to attain dimensions of 3^ mm (length) x 1.6 mm (width) x 1.6 mm (thickness) after 
firing. 

Subsequently, the above-obtained laminate chips were ananged on a firing 
setter on which a small amount of zirconia powder had been distributed, and the 
temperature of the chips was elevated from room temperature to 250X over 24 hours, 
to thereby remove die organic binder. Then, the resultant chips were placed in a firing 
furnace, and the chips were fired with a temperature profile having a maximum 
temperature of U300^C for about 20 hours, 

Nexu each of the resultant sintered chips was placed in a barrel, and then the 
side surfeces of the chip were subjected to polishing. Thereafter, external electrodes 
were formed on the opposite sides of the sintered chip^ to thereby produce a 
monolithic ceramic capacitor as a sample. 

6. Evaluation of characteristics 

The ceramic paste and the monolithic ceramic capacitor of each of Working 
Examples 1 through 1 9 and Comparative Examples 1 through 5 were evaluated in 
terms a variety of characteristics. The results are shown in Table 1 . 
(Table 1) ' 

(1) Orgam'c binder (wt%) 

(2) Working Example 

(3) Polyvinyl bulyral 

(4) Cellulose ester 

(5) Polyaciylate 

(6) Polyvinyl acetate 

(7) Dispersion degree 

(8) Thickness of primed film (fxm) 

(9) Ra(Mm) 

(10) Screen printability 

(11) Sheet adhesion 

( 1 2) Ratio of structural defects (%) 

(13) Comparative Example 
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The chaiacteristics shown in Table 1 were evaluated as follows. 

Dispersion degree: the particle size distribution of the ceramic powder was 
measured by use of a light difftaction particle size distribution measuring apparatus* 
and the degree of dispersion of the powder was calculated on the basis of tfie resultant 
data. Briefly, the above-prepared ceramic powder was dispersed in water by use of an 
ultrasonic homogentzer, and the particles were subjected to ultrasonic waves until they 
were reduced to their minimum size. When the particles reached their minimum size, 
the particle size at D90 of the particle size distribution was recorded as "limitation 
particle size~ Separately, die ceramic paste was diluted with ethanol, and the particle 
size at D90 of the particle size distribution was recorded as •'paste particle size/' The 
dispersion degree of the ceramic powder was calculated on the basis of the following 
formula: 

dispersion degree = (paste particle size/limitation particle size) - 1 . In die case 
in which the di^iersion degree assumes a positive value, when the value is nearer to 
zero, dispersibility of the powder is high. In contrast* in the case in which the 
dispersion d^iee assumes a native value, the larger the absolute value, die higher 
the dispersibility of the powder. 

Thickness of printed fihn: the ceramic paste was a{^lied onto a 96% alumina 
substrate so as to attain a thickness of 20 jun by use of a 400-mesh stainless steel 
screen having a thickness of 50 |im, and the resultant substrate was dried at 80'*C for 
10 minutes, to thereby form a printed film for evaluation- The thickness of the film 
was obtained using the data as measure by a nori-contact-type laser surface rou^mess 
meter. 

Surface roughness (Ra): a printed filin for evaluation ^ras formed in a manner 
similar to that described above. The surfieu^e roughness (Ra) of the fihn; i.e-, the 
averaged absolute value of deviation of a undulation-avera^ center line and a 
roughness curve, was obtained from the data measured by a non-«>ntact-type laser 
surface roughness meter. 

Screen printability: during screen printing, when it was possible to readily 
peel off the ceramic paste firora a screen and the paste was able to be continuously 



printed without problems, rating "O" was assigned; wfaen the paste could not be 
printed continuously, rating "X" was assigned; and when the paste could be printed 
but was attained by some problems, rating "A" was assigned. 

Sheet adhesion: sheets fomied from the ceramic paste were laminated, and 
then pressed at 80"C. The pressure was raised to 1 .000 Kg/cm^ (the maximum), and 
the pressure at which the sheets adhered to one another was determined. When the 
pressure was less than 300 Kg/cm\ rating "O" was assigned; when the pressure was 
300 Kg/cm^ or more and less than 700 Kgfem^ rating "A" was assigned; and when the 
pressure was 700 Kg/crn^ or more, ratuig "X" was assigned. 

Ratio of structural defects: the resultant sintered chip for producing a 
monolithic ceramic capacitor was observed by appearance and under an ultrasonic 
microscope. When some unusual portions were obswvcd, the internal structural 
defects of the chip was confirmed after the chip had been polished. The ratio of 
structural defects was obtained on the basis of the foUowing relation: (the number of 
sintered chips having structural defects/the total number of sintered chips). 

As is apparent from Table 1, the ceramic pastes and the c^acitois of Worldng 
Examples I through 1 9 exhibit excellent characteristics as compared with the ceramic 
pastes and the capacitors of Comparative Examples 1 through 5. 

Comparison among Woridng Examples 1 through 1 9 reveals that the ceramic 
pastes and the capacitors of Woricing Examples 2 through 4, 7 through 9, 12 through 

14, and 16 through 1 8- in which tl» mixing ratios of two diifermt binders 

contained in the pastes fell within 10 wL%/90 wt% to 90 wt.%/10 wt%—— exhibit 
excellent characteristics, as compared wth the ceramic pastes and the cqiacitors of 
Working Examples 1, 5, 6, 10. 1 1, 15, and 19, in which the mixing ratios of two 
different binders contained in the pastes fell outside the above range. 

The ceramic pastes and the capacitors of Comparative Examples 2 through 5 
exhibit exceUent characteristics as compared with the ceramic paste and the capacitor 
of Comparative Example 1. However, comparison between the paste of Comparative 
Example 2, which contains polyvinyl bulyral, and the pastes of Working Examples 1 
through 3 and 1 3 through 1 7, which contain polyvinyl butyral as a primary component - 



(i.e,, 50 wt.% or more); comparison between the paste of Comparative Example 3, 
which contains a cellulose ester, and the pastes of Working Examples 3 through 8, 
which contain a cellulose ester as a primary component (Le*» 50 wL% or more); 
comparison between the paste of Comparative Example 4, >^ch contains an acrylate, 
and the pastes of Working Examples 8 through 1 0 and 1 7 through 1 9, which contain 
an acrylate as a primary component (i-e„ 50 wt,% or more); and comparison between 
the paste of Comparative Example 5, which contains polyvinyl acetate, and the pastes 
of Woridng Examples 1 1 through 1 3, which contain polyvinyl acetate as a primary 
component (i.e., 50 wt.% or more) reveal that the ceramic pastes of Comparative 
Examples 2 through 5 still have room for improvement in dispersibility, thickness of 
printed film, surface roughness, screen printability, sheet adhesion, or ratio of 
structural defects, as compared with the pastes of Working Examples 1 through 19, 
particularly the pastes of Woridng Examples 2 through 4, 7 through 9, 12 through 14, 
and 16 through 18. 

(Test lExample 2) 

In Test Example 2, when a ceramic paste for fomiing a ceramic green la>^r 
which compensates for spaces defined by step-like sections was pr^iared, an ocganic 
binder employed in the paste was a copolymer predominantly containing an alkyl 
aciyiale and/or an alkyl methacrylate. In Test Example 2, the effect of such a 
copolymer was confirmed. 

The procedure of Test Example 1 was repeated, except that the step of "4, 
preparation of ceramic paste for forming a ceramic green layer which compensates for 
spaces defmed by step-like sections" was carried out as described below, to thereby 
produce monolithic ceramic capacitors. 

( 1 ) Working Examples 20 through 25 

The above-prepared dielectric powder (100 parts by weight), terpineol having 
a boiling point of 22D*'C (40 parts by weight), and an oiganic binder (5 parts by 
weight) were mixed in an automatic mortar, and the resultant mixture was kneaded by 
use of a three-roll mill, to thereby obtain a ceramic paste. 



3/ 

The oxganic binder contained an alky} (meth}aciylate monomer serving as a 
primary component, and a reactive monomer having a carbo^Q^l group, an alkylene 
oxide group (RO>n« a hydroxyl groiqa, a glycidyl group, an amino group, or an amido 
group, serving as a copolymerization component 

Specifically, as shown in Table 2, in each of Worfdng Examples 20 through 
25, isobutyl methacrylate was employed as the alkyl (metfi)acrylate monomer and was 
contained in the re^^ective organic binder in an amount of 90 moI%. As shown in 
Table 2, different reactive monomos were contained in the respective organic binders 
in an amount of 1 0 mol% in Working Examples 20 through 25. 

The aforementioned reactive monomers will be described in more detail. As 
shown in Table 2, acrylic acid was employed as a carboxylic acid-containing 
monomer in Working Example 20; ethylet^ oxide methacrylate was employed as an 
alkylene oxide group-containing alkyl (meth)aciylate in Working Example 21; 2- 
hydroxyethyl methacrylate was employed as a hydroxyl group-containing alkyl 
(meth)acrylate in Working Example 22; glycidyl methacrylate was employed as a 
glycidyl group-containing alkyl (meth)acrylate in Working Example 23; 
dimethylaminOethyl methacrylate was employed as an amino group-containing alkyl 
(meth)acryiate in Working Example 24; and N-methylolacrylamide was employed as 
an amido group-containing alkyl (meth)acrylate in Working Example 25. 
(2) Working Examples 26 through 3 1 

The above-prepared dielectric powder (100 parts by we^t), meAyl ethyl 
ketone (70 parts by weight), and zirconia grinding balls having a diameter of 1 mm 
(600 parts by weight) were placed in a bail mill, and wet-mixed for 16 horns. 
Subsequently, terpineol having a boiling point of 220*^C (40 parts by weight) and an 
organic binder (10 parts by weight) were added to the ball mill, and the resultant 
mixture was further mixed for 16 hours, to thereby obtain a ceramic sluny mixture. 

As shown in Table 2, the organic binder employed in Working Example 26 
was the same as that employed in Working Example 20; the organic binder employed 
in Working Example 27 was the same as that employed in Working Example 21; the 
organic binder employed in Working Example 28 was the same as that employed in 



Working Example 22; the oxBanic binder employed in Working Example 29 was the 
same as that employed in Woricing Example 23; the organic binder employed in 
Working Example 30 was the same as that employed in Working Example 24; and the 
organic binder employed in Working Example 3 1 was the same as thai employed in 

Working Example 2S. 

Subsequently, the above-obtained ceramic slurry mixture was subjected to 
reduced-pressure distillation in a hot bath at 60**C by use of an evaporator for two 
hours. Through distillation, methyl ethyl ketone was completely removed from the 
slurry* to thereby obtain a ceramic paste. 

The ceramic paste and the monolitiiic ceramic capacitor of each of Working 
Examples 20 through 3 1 were evaluated for a variety of characteristics. TTie results 
are shown in Table 2. 
(Table 2) 

(1) Organic binder (mol%) 

(2) Working Example 

(3) Isobutyl mechacrylate 

(4) Acrylic acid 

(5) Ethylene oxide methacrylate 

(6) 2-Hydroxyethyl mcthacr^ate 

(7) Glycidy] methacrylate 

(8) Dtmethylaminoethyl methacrylate 

(9) N-Melhylolacrylamide 

(10) Dispersion degree 

(11) Thickness of printed film (pm) 

(12) Ra(jmi) 

(13) Screen printability 

(14) Sheet adhesion 

(15) Ratio of structural defects (%) 



The methods for evaluating the characteristics shown in Table 2 are similar to 
those employ^ for Che items in Table 1 . 

As is iq)parent from Table 2, the ceramic pastes and the capwitors of Woilcing 
Examples 20 through 3 1 exhibit excellent characteristics as compared with the 
ceramic paste and the capacitor of Comparative Example 1 shown in Table 1 . 

Comparison among Working Examples 20 through 3 1 reveals that the ceramic 
pastes and the capacitors of Working Examples 26 through 31 exhibh excellent 
characteristics in terms of dispersibiUty; surface roughness, and ratio of structural 
defects, as compared with the ceramic pastes and the capaciticxs of Worlung Examples 
20 through 25; This is because, when the ceramic pastes wen produced in Working 
Exan^les 26 through 3 1 , the first and second dispersion stqis were carried out, and 
the ofgmic binder was added during the second di^^ersion step. 

Li the above-described Test Examples, dielectric ceramic powder is 
incorporated into the ceramic paste of the present invention. However, in the present 
invention, the ^characteristics of the ccntmic paste are not influenced by electric 
characteristics of the ceramic powder contained in the paste. Therefore, the ceramic 
paste containing magnetic ceramic powder, insulating ceramic powder, or 
piezoelectric ceramic fx>wder exhibits characteristics similar to those of the ceramic 
paste containing dielectric ceramic powder. 

As described hereinabove, according to the presoit invmtion, die ceramic 
paste contains, as an organic binder, a mixture formed by physically mixing two 
diflfmnt organic binders, such as a mixture of polyvinyl butyral and a cellulose ester, 
a mixture of a polyacjylate and a cellulose ester, a mixture of polyvinyl butyral and 
polyvinyl acetate, or a mixture of polyvinyl butyral and a polyaciylate. Alternatively, 
the ceramic paste contains, as an organic binder, a copolymer predominantly 
containing an alkyl acrylate and/or an alkyl methacrylate. Therefore, dispersibility of 
ceramic powder contained in the ceramic paste can be enhanced, and thus the paste is 
advantageously employed for forming a very thin ceramic green layer at high pattern 
accuracy. 



3^ 

Accoiding to the present invention, since a ceramic paste is employed for 
forming a ceramic green layer on the region of the main surface of a ceramic green 
sheet on which internal circuit element films are not fomied, so as to substantially 
compensate for spaces defined by the step-like sections formed by the films, the 
resultant monolidiic ceramic electronic component does not suffer structural defects 
such as cracking and delamination» and exhibits high reliability. 

Accotxiing to the present invention, tiie size and weight of a monolithic 
ceramic electronic component can be satisfactorily reduced. Therefore, vAisn the 
present invention is applied to a monolithic ceramic capacitor, tbs size of the capacitor 
can be advantageously reduced and the capacitance thereof can be advantageously 
increased. In addition^ when the present invention is applied to a monolithic inductor, 
the size of the iiuluctor can be advantageously reduced and the inductance thereof can 
be advantageously increased. 

In the present invention, a ceramic paste is produced throi^ the following 
steps: a first dispersion step in which a first mixture containing ceramic powder and a 
first organic solvent undergoes processing for providing a primary dispersion; a 
second dispersion step in which a second mixture containing an oiganic binder and the 
first mixture which has undergone the first dispersion step undergoes processtt^ for 
providing a secondary dispersion; a step in which a second organic solvent having a 
relative evaporation rate lower than that of the first organic solvent is added to the first 
mixture and/or the second mixture; and a step for selectively removing the first 
organic solvent £rom the second mbcture through heating the second mixture. 
Consequently, dispersibility of the ceramic powder contained in the ceramic paste can 

be fiErther enhanced. 

In the process for producing a monolithic ceramic electronic component of the 
present invention, a ceramic green sheet and a ceramic green layer which compensates 
for spaces defined by step-like sections can be uniformly sintered when ceramic 
powder contained in a ceramic slurry for forming the ceramic green sheet has a 
composition substantially the same as that of ceramic powder contained in a ceramic 
paste for forming the ceramic green layer When the ceramic green sheet and the 
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ceramic green layer are uniformly sintered, cracking or delamination can be 
prevented. 
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CLAIMS: 



1 . A process fm producLng a monoUduc cmmic electronic component, which 
comi^ises: 

providing a cecamic siuny, a conductive paste, and a ceramic paste; 

forming a plurality of compoate structures eadi comprising a ceramic grem 
sheet produced by gHnping tte cCTonic slurry, intmial dicuit elraiient films formed by 
applying the conductive paste partially onto a main sur&ce of the cmunic green sheet 
so as to provide st^likc sections, and aceramic gre^ kyer vMch compoisates for 
spaces defined by the step-like sections, the cecamic ffsea layer being foxmed by 
aj^lying the ceramic paste onto the region on the main sur&ce of die sheet on which 
the element films are not formed, so as to subsfantially conqiensatc for the spaces; 

fomiii^ a green laminate by laminating the conqposite structures; and 

firing the green laminate, M4i»ein the ceramic paste comprises ceramic 
powder, an organic solvmt, and an dganic binder, and the dgaziic binder is a mixture 
of a polyaciylate and a cellulose esten 

2. A process for producing a monolithic ceramic electronic component according to 
claim 1 » vrfaerein the process for providing the ceramic paste comprises: 

a first dispersion step in wfaidi a first mixture containir^ ceramic powder and 
a first organic solvit undergoes iM:QCessiiig for |»ovidix2g a primary dispersion; 

a second dispmion stqp in which a second mixture containing the orgsmic 
binder and the first mixture which has undoigone the first dispersion st^ undergoes 
processing for providing a secondary diqi^sion; 

a step in which a second oiganic solvit having a relative evaporation rate 
lower than that of the first organic solvit is mcorporated into the first mixture and/or 
the second mixture; and 

a removal step for selectively r^oving the first oiganic solvent from the 
second mixture through heating the second mixture. 



3. A process for pix)duciiig a mcmoUthic ceraou 
claim I or claim 2^ wherein the cffiamic sliiny con^^ 

substantially the same composition as that of flie ceramic powder contained in the 
ceramic paste. 

4. A process foe producing a monolithic c^amic electronic component accoiding to 
any one of claims 1 to 3. wfaerdn the ceramic powifer contained in each of the ceia^ 
slurry and the ceramic paste is dielectric ceramic powder. 

5. A iHDcess for jModudng a mcmolithic cetamic electnmic compon 

claun 4, wherem the intenud circuit element fifans are intraoal electrodes which are 
arranged so as to provide capacitance therebetween, and the monoli&ic cetamic 
electronic componetit is a monolithic ceramic capacitor. 

6. A process for producing a monolithic ceramic electronic component according to 
any one of clahns 1 to 3. wherein the ceiamic powder contained in each of the ceramic 
slurry and the ceiamic paste is magnetic ceramic powder. 



?• A ptocess for producing a monolithic ceramic electronic comport accoixling to 
claim 6, vAerein the mtraial drcuit element fihns are hook-sh^d conductive fihns, 
arKl the monolidiic ceramic electromc coirqionent is a mcmolithic inductor. 

8. A monolithic ceramic electronic component which is prx>duced through a process 
as recited in any one of claims I to 7. 



9. A process for producing a monolithic ceramic electronic component as herein 
before described with reference to the accimipanying drawings. 

10. A monolithic ceramic electronic con^jonent as herein before described with 
reference to the accompanying drawings. ^ * 
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